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RESEARCH MEMORANDUM 
THE EFFECT OF LEADING- EDGE EXTENSIONS ON THE LONGITUDINAL 
CHARACTERISTICS AT MACH NUMBERS UP TO 0 . 92 OF A WING-
FUSELAGE-TAIL COMBINATION HAVING A 400 SWEPTBACK 
WING WITH NACA 64A THICKNESS DI STRIBUrION 
By Fred B. Sutton 
SUMMARY 
A wind-tunnel investigation has been conducted to determine the 
e~~ects o~ leading-edge extensions upon the longitudinal characteristics 
o~ a wing-~uselage and wing-~uselage-tail combination having a wing with 
400 of sweepback and NACA 64A thickness distribut ion . The tests were made 
at a Mach number of 0 .25 and a Reynolds number o~ 8 million and at Mach 
numbers varying ~rom 0 .25 to 0 . 92 at a Reynolds number o~ 2 million. 
The addition of the leading- edge extension from 0 .60 semispan to the 
wing tip eliminated large changes in longitudinal stability of the wing-
fuselage-tail combination up to li~t coe~~icients in excess o~ 1 .0 at low 
speeds and resulted in slight increases in the li~t coe~~icients at which 
. large changes in stability occurred at high subcritical and supercritical 
speeds. In this regard, the chord extension was not so e~~ective as the 
best combination o~ wing ~ences previously tested on this wing. The chord 
extension did not decrease the trim lift- drag ratios of the wing- fuselage-
tail combination at high subcritical speeds and increased them slightly 
at supercritical speeds , whereas the ~ences caused about an 8- percent 
decrease in li~t-drag ratio at Mach numbers from 0 . 70 to 0 . 86. As was 
the case with the wing fences , addition of the chord extension had only 
small e~~ect on the Mach number ~or drag divergence. The leading-edge 
extensions had little ef~ect on the tail contribution to stability at low 
speed and up to moderate li~t coe~~icients at high speed. 
JNrRODUCTION 
An investigation has been made in the Ames 12- foot pressure wind 
tunnel to determine the longitudinal characteristics o~ wings suitable for 
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long-range airplanes capable of moderately high subsonic speeds. Two 
twisted and cambered wings of relatively high aspect ratio, one having 
NACA four-digit and the other having NACA 64A thickness distribution, have 
been investigated with 400 , 450 , and 500 of sweepback, and the results 
are presented in reference 1. All of these wings experienced a severe 
decrease in longitudinal stability at moderate lift coefficients due to 
flow separation on the outer portions of the span. The results in refer-
ences 2 and 3 show that the stability characteristics of these wings could 
be improved considerably by the use of multiple chordwise fencesj however, 
the addition of fences resulted in moderate increases in drag for low to 
moderate lift coefficients at high subsonic speeds. 
The present phase of the investigation was made to determine whether 
leading-edge extensions would improve the longitudinal stability character-
istics of the wing with NACA 64A thickness distribution without the drag 
penalties associated with the fences. The wing with 400 of sweepback was 
tested in combination with a fuselage and with leading-edge extensions 
which were varied in spanwise extent. A comparison is made herein of the 
effect on the longitudinal characteristics of the model of a leading-edge 
extension and of the best arrangement of fences found in the investigation 
reported in reference 3. The wing-fuselage combination with a leading-edge 
extension was also tested with an all-movable horizontal tail to determine 
the effect of the leading-edge extension on the contribution of the tail 
to static-longitudinal stability and on the control effectiveness of the 
tail. 
NOTATION 
All wing areas and dimensions used in the notation refer to the 
unmodified wing. 
A 
a 
b 
'2 
b 2 
aspect ratiO, ---
28 
mean-line designation, fraction of chord over which design load 
is uniform 
lift-curve slope of the isolated horizontal tail, per deg 
lift-curve slope of the wing-fuselage combination, per deg 
lift-curve slope of the Willes-fuselage-tail combination, per deg 
wing semispan perpendicular to the plane of symmetry 
drag · ff" t drag coe lClen,-qs-
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Cm 
c 
c' 
c 
L 
D 
M 
R 
S 
St 
t 
y 
€ 
cp 
lift coefficient, lift 
qS 
pitching-moment coefficient about the quarter point of the wing 
. pitching moment mean aerodynamlc chord, _ 
qSc 
local chord parallel to the plane of symmetry 
local chord perpendicular to the wing 
mean aerodynamic chord, 
j b/2 c2 dy 
o 
[b/2c 
o 
dy 
section design lift coefficient 
sweep axis 
incidence of the horizontal tail with respect to the wing root 
chord 
lift-drag ratio 
free-stream Mach number 
free-stream dynamic pressure 
Reynolds number based on the wing mean aerodynamic chord 
area of semis pan wing 
area of semispan horizontal tail 
maximum thickness of section 
lateral distance from the plane of symmetry 
angle of attack, measured with respect to a reference plane 
through the leading edge and root chord of the wing 
angle of attack of the isolated horizontal tail 
effective average downwash angle 
angle of twist, the angle between the local wing chord and the 
reference plane through the leading edge and the root chord of 
the wing (positiye for washin and measured in planes parallel 
to the plane of symmetry) 
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fract i on of wing semispan, b~2 
tail efficiency factor (ratio of the lift-c~ve slope of the 
horizontal tail when mounted on the fuselage in the flow 
field of the wing to the lift-curve slope of the isolated 
horizontal tail ) 
Subscripts 
fuselage 
hori zontal tail 
wing 
MODEL 
The wing- fuselage and wing- fuselage - tail combinations (fi g . l (a )) 
employed the t wisted and camber ed wing of reference 1 having the NACA 64A 
t hickness distribution. For t he unmodi f ied wing , this distribution of 
thickness was combined with an a = 0 .8 modified mean line having an i deal 
lift coefficient of 0 . 4 to form the sections perpendicular to the quart er-
chord l ine of the unswept wi ng panel . The thickness - chord r atios of these 
sections varied from 14 percent at t he root to 11 percent at the tip . 
The chor ds of the leading- edge extensi ons wer e a constant percentage 
of the original chords and the extensions extended f r om either 45 percent 
of the span to the wing tip or from 60 percent of the span to the wing tip . 
The coordinates of the extens i ons were obtained by extenQing the wing sec-
t i ons perpendicular to the wing sweep axi s forward 15 percent and modifying 
the mean line and thickness di stri but i on of the sections as shown in 
figure l(b) . The extensions faired into the original wing at appr oximat ely 
40 percent of the chord and were similar to the forward part of the origi-
nal section except for reduced thickness r ati o and nose radii. The reduc-
t i ons in nose radii amounted to appr oximately 23 percent . The inner faces 
of the extensi ons were parallel t o the f r ee stream and the extensions 
increased t he wing ar ea by either 4 . 6 or 6.3 percent . 
The wi ng was constructed of solid steel and the surfaces wer e pol-
ished smooth. The leading- edge extensions were const ructed of steel 
plates covered with a tin- bismuth alloy contoured t o the desired section . 
For this investigation the angle of sweepback of the quarter- chord line 
of the unmodified wing was 400 and the aspect r ati o of the unmodi fied wi ng 
was 7 .0 . 
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Twist was introduced by rotating the streamwise sections of the wing with 
400 of sweepback about the ori ginal leading edge whi le maintaining the 
untwisted projected plan form . The variations of twist and thickness ratio 
along the semispan of the unmodified wing are shown in figure l(c) . 
The fuselage employed for these tests consisted of a cylindrical mid-
section with simple fairings fore and aft . Coordinates of the fuselage are 
listed in table I . The fuselage had a fineness r atio of 12 .6 and was 
located with respect to the wing , so that the upper surface of the wing 
was nearly tangent to the top of the fuselage at the plane of symmetry. 
The angle of incid~nce of the wi ng root with respect to the fuselage center 
line was 30 • The fuselage shell was constructed of aluminum and was stiff-
ened with a heavy steel s t ructural member . 
The all- movable horizontal tail had an aspect ratio of 3.0, a taper 
ratio of 0.5 and 400 of sweepback . The axi s about which the incidence of 
the horizontal tail was varied was at 53 .4 percent of the tail root chord. 
This hinge axis was at the i ntersection of the fuselage center line and 
the plane of the wing root chord (see fig . l(a ) ) . The tail was constructed 
of solid steel and the surfaces were polished smooth . 
Figure 2 shows photographs of the model mounted in the wind tunnel 
and one of the leading- edge extensions . The turntable upon which the model 
was mounted is directly connected to the balance system . 
CORRECTIONS TO DATA 
The data have been corrected for constriction effects due to the 
presence of the tunnel walls by the method of reference 4, for tunnel-
wall interference originating from lift on the model by the method of 
reference 5, and for drag tares caused by aerodynamic forces on the turn-
table upon which the model was mounted . 
The corrections to dynamic pressure, Mach number, angl e of attack, 
drag coefficient, and to pit ching-moment coefficient were the same as 
those used for references 2 and 3 and are listed in table II . 
RESULTS AND DISCUSSION 
Tests were conducted to determi ne the longitudi nal characteristics 
of the wing-fuselage combi nation wit h leading- edge chord extensions from 
0 . 45 semispan to the wing t i p and from 0 .60 semispan to the wing tip. The 
results of these tests are shown in figures 3 through 10 . Results of 
tests of the wing- fuselage - tail combination with wing leading- edge chord 
extensions are presented in f i gures 11 through 18 . 
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Wing- Fuselage Combination 
Figure 3 shows the effect of the leading- edge chord extensions on 
the longitudinal characteristics of the wing- fuselage combination at a 
Mach number of 0 .25 and a Reynolds number of 8 million . The addition of 
the chord extensions increased the lift- curve slope in about the same 
proportion the wi ng area was increased and resulted in small increases 
in the lift coefficient at which large changes in static- longitudinal 
stability first occurred. The extension from 0 . 60 semispan to the tip 
reduced the magnitude of these stability changes at high lift coefficients. 
Figures 4 through 7 show the effect of the leading- edge extensions on the 
longitudinal characteristics of the Wing- fuselage combination at Mach 
numbers up to 0 . 92 and at a Reynolds number of 2 million . As was the case 
at low speed and high Reynolds number, the extensions generally increased 
the lift- curve slopes at the higher lift coefficients (fig . 4) and less -
ened the severi ty of the changes in pitching moment with increasing lift 
coefficient (fig . 5). At most Mach numbers, the shorter chord extension, 
from 0 . 60 semispan to the tip, did not have much effect on the lift coef-
ficient at which these changes occurred; however, the longer extension, 
0 . 45 semispan to the tip , reduced the lift coefficient for instability 
at Mach numbers from 0 .60 to 0.83 . The effect of the leading-edge exten-
sions on the drag and the lift- drag ratios of the combination are shown 
in figures 6 and 7, respectively. The extensions increased drag slightly 
at low and moderate lift coefficients, but reduced drag at the higher lift 
coefficients . 
The effect of the leading- edge extension from 0.60 b/2 to the tip 
on the longitudinal characteristics of the combination are compared in 
figure 8 with the effect of the best arrangement of fences previously 
tested on this wing and reported in reference 3. Both devices increased 
the lift- curve slopes of the combination at high lift coefficients 
(fig . 8 (a)) . For the wing with leading- edge extensions these increases 
were due, at least in part, t o the increased wing area . The addition of 
fences improved the stability of the combination to a much greater degree 
than did the leading- edge extension, both in regard to increasing the lift 
coefficient at which abrupt changes in stability occurred and in reducing 
the magnitude of these changes (fig . 8(b)) . Drag penalties associated 
with the fences at l ow and moderate lift coefficients usually were slightly 
higher than those for the leading- edge extension (fig. 8(c )). This is 
shown more clearly by the lift- drag ratios which are compared in 
figure 8 (d) . 
Effects of Mach number .- The effects of Mach number on the lift and 
pitching- moment curve slopes at a lift coefficient of 0 .4 are shown in 
figure 9 for the wing- fuselage combination with the unmodified wing, the 
wing with leading- edge chord extensions, and the wing with the best fences 
found in the investigation reported in reference 3. The lift character-
istics of the model with the leading- edge extensions or fences were less 
CONFIDENTIAL 
NACA RM A55I29 CONFIDENTIAL 7 
affected by increasing Mach number than those of the combination with the 
unmodified wingj however , increasing Mach number caused more pronounced 
and varied changes in the stability of the combination with either leading-
edge extension than for the combination with the unmodified wing or the 
wing with fences. Figure 10 shows the effect of Mach number on the drag 
coefficients of the wing- fuselage combination for several constant lift 
coefficients . The Mach numbers for drag divergence (defined as the Mach 
number at which dCD/dM = 0.10) of the combination were only slightly 
affected by the addition of leading-edge extensions or wing fences. These 
values of drag- divergence Mach number and the corresponding drag coeffi-
cients are compared with those for the combination with the unmodified 
wing in the following tables : 
M for drag divergence 
CL Unmodified 
Leading-edge Leading- edge Wing with extension from extension from 
wing 0 . 45 b/2 to tip 0 . 60 b/2 to tip fences 
0.20 0 ·91 0.90 0.89 0·90 
.40 .84 .86 .84 .86 
·50 .82 .84 .82 .84 
.60 .81 .82 .80 .82 
CDdivergence 
CL Unmodified 
Leading- edge Leading-edge 
Wing with extension from extension from 
wing 0 . 45 b/2 to tip 0 . 60 b/2 to tip fences 
0.20 0.0190 0.0185 0.0190 0.0200 
.40 .0235 .0238 .0232 .0250 
·50 .0265 .0292 .0273 .0295 
.60 .0330 .0348 .0340 . 0365 
The effect of Mach number on the maximum lift-drag ratios and the lift 
coefficients for maximum lift- drag ratio are shown for the various wing 
modifications in figure 10. 
Effects of Reynolds number.- A comparison of the data of figure 3 
with the data in figures 4, 5, and 6 indicates that increasing Reynolds 
number from 2 million to 8 million had a large effect on the longitudinal 
characteristics of the wing-fuselage combination at a Mach number of 0 .25. 
It is possible that the test results at higher Mach numbers may have been 
affected by the comparatively low Reynolds number (2 million) at which 
they were obtained. Caution should be exercised in applying these results 
to the prediction of the characteristics of a full-scale airplane. 
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Wing- Fuselage- Tail Combination 
The wing- fuselage - tail combination was tested with both leading- edge 
extensions and the results are compared with those for the unmodified com-
bination in figure 11. Figure 12 shows the effect of the leading- edge 
extensions on the pitching-moment contribution of the horizontal tail . 
Figures 13 and 14 summarize the effects of 'the extensions on the longi-
tudinal characteristics of the model and compare these effects with those 
of the best arrangement of fences found in the investigation of refer-
ence 3. The cross plots in figures 13 and 14 are from the data presented 
in figures 11 and 15 . Figure 15 shows , for several tail angles of inci-
dence, the longitudinal characteristics of the model with the leading- edge 
extension from 0 .60 semi span to the tip. 
A comparison of the data i n figures 8 and 11 shows that the effect 
of the extensions on the longitudinal characteristics of the wing- fuselage-
tail combination was generall y similar t o the effect of the extensions 
on the model without the tail . At low speed and up to moderate lift coef-
ficients at high speeds the extensions did not significantly affect the 
tail contribution to stability (fig . 12); however , the extensions , except 
at a Mach number of 0 .80 , increased the lift coefficient at which large 
changes in stability first occurred and reduced the magnitude of these 
changes at all Mach numbers (fig. 11) . 
Effects of Mach number .- Figure 13 shows the variation with Mach 
number of the slopes of the lift and pitching- moment curves of the wing-
fuselage - tail combination with the unmodified wing, with chord extensions, 
and with the best fences reported in reference 3 . The slope of the 
pitching-moment curve o~ the combination with either the chord extension 
or the fences appeared to be less affected by increasing Mach number than 
the slope for the model with the unmodified wing . The effect of Mach 
number on the drag coefficients of the combination with and without the 
extension from 0 .60 semispan to the tip are shown in figure 14 . Although 
the available data for the unmodified wing were meager , the extension had 
no apparent effect on the Mach numbers for drag divergence . 
Lift- drag- ratio comparisons .- Figure 16 shows the variation with Mach 
number of the lift- drag ratiO, the corresponding tail- incidence angle, 
and lift coefficient for a hypothetical airplane in level flight at 
40 ,000 feet . Tail- incidence angles and lift - drag ratios are compared for 
the airplane with the unmodified wing of the subject investigation which 
used the NACA 64A thickness distribution , this wing with the leading- edge 
extension from 0.60 b/2 to the tip and this wing with its best fence 
arrangement (see ref . 3) . Also included in this comparison are data from 
the investigation reported in reference 2 . The model used in this investi-
gat i on was similar to the model of the subject investigation except that 
the wing had the NACA four - digit thickness distribution . The results 
shown for this model are for the best arrangement of fences. It was 
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assumed that the airplane had a wing loading of 75 pounds per square foot 
and that the center of gravity was at the quarter point of the mean aero-
dynamic chord of the unmodified wing . It was also assumed that the air-
plane with the unmodified 64A wing trimmed at the same tail-incidence 
angles as with the 64A wing with fences . The lift - drag ratios of the 
airplane using the 64A wing with the extension from 0 .60 semispan to the 
tip were equal at subcritical speeds to those of the airplane with the 
unmodified 64A wing and were slightly higher than those of th~ unmodified 
airplane at supercritical speeds; by comparison , the best arrangement of 
fences found in the investigation of reference 3 r educed the lift-drag 
ratio about 8 percent at Mach numbers from 0 .70 t o 0 .86 . It is of interest 
to note that at supercritical spEeds , the combination using the four-digit 
wing with fences had higher lift - drag ratios than any of the 64A configura-
tions. At least part of the lift- drag superiority of the combination 
using the 64A wing with the leadi ng- edge extension or the four - digit wing 
with fences was due to the comparatively low tail-incidence angles required 
to trim these combinations. 
Lon itudinal characteristics of the win 
The combination with ~he extension from O. 0 semispan to the tip was 
tested with a horizontal tail at several angles of incidence to determine 
the effect of the tail on the longitudinal characteristics and the effec-
tiveness of the tail as a longitudinal control . The results of these 
tests are shown by the lift, drag , and pitching-moment data in figure 15. 
These data show that at most Mach numbers , the addition of the tail had 
only small effect on the lift and drag of the combination . The lift coef-
ficients at which large changes in longitudinal stability first occurred 
were usually slightly larger with the tail than without it . 
The factors which determine the tail contribution to the stability 
are shown in figure 17 as a function of angle of attack for several ,test 
conditions. The method used to calculate the effective downwash angle 
€, the tail efficiency factor ~t(qt/q), and the ratio of the lift- curve 
slope for the isolated tail to the lift-curve slope of the vring- fuselage 
combination at/aw+t was the same as that described in reference 2. The 
results of these calculations show that the reductions in pitching- moment 
variations at moderate lift coefficients with the tail on were mosily.Que 
to an increase in the factor at/aw+t with increasing lift coefficient, 
in a manner which offset the reduction in stability of the wing- fuselage 
combination. This was true at most Mach numbers . At the higher lift 
coefficients and at a Reynolds number of 2 million, the rate of change 
of downwash with angle of attack and the tail efficiency factors were 
usually higher for the combination with the unmodified wing than for the 
combj.nation with the extension . Figure 18 shows the variation with Mach It 
number of the tail control effectiveness parameterOCm/Oit and the · 
factors affecting the stability contribution of the horizontal tail. Tail 
control effectiveness increased moderately · with increasing Mach number 
and was slightly larger for the model with the unmodified wing than for 
the model with the leading- edge extension . 
CONFIDENTIAL 
10 CONFIDENTIAL NACA RM A55I 29 
CONCLUSIONS 
A wind- tunnel investigati on has been made of a wing- fuselage and a 
wing- fuselage- tail combination having leading- edge extensions on a 400 
sweptback wing . The unmodified wing had an aspect ratio of 7 .0 and NACA 
64A thickness distribution . The following conclusions were indicated : 
1 . The addition of a leading- edge extension from 0 .60 semispan t o 
the wing tip eliminated large changes in l ongitudinal stability of the 
wing- fuselage - tail combination up to lift coefficients in excess of 1 .0 
at low speeds and resulted i n slight increases in the lift coefficients 
at which large changes in stability occurred at high subcritical and 
supercritical speeds . In this r egard, the chord extension was not so 
effective as the best combination of wing fences previously tested on 
the wing . 
2 . The chord extension di d not decrease the trim lift- drag ratios 
of the wing- fuselage- tail combination at high subcritical speeds and 
increased them slightly at supercritical speeds , whereas the fences caused 
about an 8- percent decrease in lift- drag ratio at Mach numbers from 0 .70 
to 0 .86 . As was the case with the wing fences, addition of the chord 
extension had only small effect on the Mach numbers for drag divergence . 
3 . The l eading- edge extensions had little effect on the tail contri-
bution to stability at low speed and at moderate lift coefficients at 
high speed . 
Ames Aeronautical Laboratory 
National Advisory Committee for Aer onautics 
Moffett Field , Calif ., Sept . 29 , 1955 
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TABLE 1.- FUSELAGE COORDINATES 
Distance from nose , Radius, Distance from nose , 
in. in. i n . 
0 0 60 .00 
1.27 1.04 70 .00 
2-·54 1.57 76 .00 
5 .08 2 · 35 82 .00 
10 .16 3 ·36 88 .00 
20·31 4 . 44 94 .00 
30 . 47 4 ·90 100.00 
39 . 44 5 ·00 106 .00 
50 .00 5 ·00 126.00 
TABLE II.- CORRECTIONS TO DATA 
(a) Corrections for constriction effects 
Corrected Uncorrected qcorrected 
Mach number Mach number quncorrected 
0. 25 0. 250 1.003 
.60 
· 599 1 .006 
.70 .696 1 .007 
.80 .793 1 .010 
. 83 .821 1.012 
. 86 . 848 1.015 
.88 .866 1.017 
.90 . 883 1.020 
.92 . 899 1.024 
(b) Corrections for tunnel-wall interference 
/::s:J, = 0 . 455CL 
6CD = 0 .00662CL2 
6Cmtail off = K1CLtail off 
NACA RM A55I29 
Radius , 
i n . 
5 .00 
5 .00 
4 .96 
4 .83 
4 .61 
4 .27 
3 ·77 
3·03 
0 
.. 
6Cmtail on = Kl CLtail off - [( K2CLtail off - /::s:J,) ~~: ] 
M Kl K2 
0 . 25 0 .0027 0 .72 
.60 . 0038 .74 
. 70 .0043 .76 
.80 .0049 .79 
. 83 . 0050 .80 
.86 .0053 .83 
.88 .0054 .84 
· 90 . 0056 .86 
.92 . 0057 .88 
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Notes: 
(I) 
(2) 
(3) 
//;/' 
--
////(////// , See figure I (b) 
for details of leading-
edge extensions 
/ , 
, 
.!7-' l~ 
Leading-edge extension from 0.45 b/2 
Unmodified wing sections perpendicular 
to the sweep axis have NACA 64A 
thickness distributions combined with 
on NACA 0=0.8 (modified) mean line. c, = 0.4 
Horizontal-tail sections perpendicular I 
to the sweep axis hove NACA 0010 
thickness distributions . 
All dimensions in inches . 
/ 
/ 
2535 
I ~2229~"1 ' . L. ~4-'---------70.42 ----------... -+ .• -------46.32 i 1.90 
See table 1 for 
E_·_e_la_g_e __ c_o_o_rd_in_a_t_o/-I.S--'lT3~.=<iiiffJm!~M!!!::if!il@f~~~~~;;:::t~' ==*j(c.2=-'2=8-=--:=-;~_-_-_-::~-===dC" 
II------' --,26.00--_
1 ~.I 
Leading-edge extension from 0 .60 b/2 
(a) Dimensions. 
Figure 1.- Geometry of the model. 
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1.15 c~ ... ~-_=-_ --c' 
I j ~ .52 c· 
The mean line for the leading-edge extension 
(a = 0.8, ct.= 0.31) fairs into the original mean 
line (a = 0.8 ~ c li= 0.4) at the point of zero slope. 
Mean -line modification 
r--- Profi les for the leading-edge extensions fair into 
the original wing at approximately 40 percent of 
the original chord and are similar to the forward 
portion of the original section except for reduced 
thickness ratio and leading-edge radii. 
leading edge 
Typi co I modified section 
(b ) Detai ls of leading- edge extension . 
Figure 1 .- Cont inued . 
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Fraction of semispan, .,., 
(c) Distribution of twist and thickness ratio. 
Figure 1 .- Concluded . 
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Figure 16.- The variation with Mach number of lift coefficient , tail-
incidence angle , and lift-drag ratio for hypothetical airplanes in 
level flight at 40 , 000 feet; W/S = 75 pounds per square foot . 
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and the factors affecting the stability contribution of the horizontal 
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